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A 50-caliber deforaable-pj ston clin was plit  i n to  opemtlon i n  August 

The -eometry and 1361 by the Supersonic Free-FliFht Brannn st 4ws .  
4&M 1 .  P 

general dimensions of this p n  are  indlcated i n  - -- c t e .  The 
overall length of the pun is 50 f e e t ,  v i th  a launch-tube lcngth of 12 f e e t  

or  288 ca l ibers ,  and a pump-tube le ry th  of 36 feet  or 203 diameters. 

gun has a tapered sect ion 10 inches (i+.-: d i m . )  i n  l eng th  a t  the forward 

end of the pump tube. An interchaweable second tapered sect ion,  having 

a length of 6 inches o r  2.8 diameters, has a l so  been constructed. 

i n i t i a l  f i r i n g  of the gun wa6 done w i t h  1-gram (2/ '3-caliber) polyethylene 

models. 

an all-polyethylene p is ton  6 diameters i n  l e w t h ,  a powder charge i n  the 
neighborhood of 200 grams of  IMR 4198, and a n  i n i t i a l  charge of hydrogen 

of about 40 psia  i n  the pump tube. 

The 

The 

A typ ica l  round f i r e d  by t h e  gun wi th  a 1-gram model might employ 

Some d e t a i l s  of the high-pressure sect ion are indicated a t  the bottom 
if<& tL I '  

of A stainless steel f l a t  d i sk  i s  used as a break dia- 

phragm d t h  a c r u c i f m .  scoring a t  the center.  

petals i n t o  a conical indentation a t  the end of the launch tube, i s  

designed according to  recommendations of the Naval Ordnance Laboratory 

report on high-pressure burst ing diaphragms (see  ref. 1). Most of the  

diaphragms used have been designed to break a t  20,000 p s i .  

The diaphragm, vhich 

It i s  believed t h a t  the gun performance has sometimes been adversely 

affected as a result of leakage of high-pressure hydroKen a t  the j o i n t  

shown. The 1 ~ 0 6 t  recent  solut ion t o  t h i s  problem is t h e  use of a machined . 
ring of lexan inserted a t  the point of leakage, together w i t h  a rubber 

"0" ring, both i n  the  plane of the diaphragm. 

extruded s l i g h t l y  i n t o  the space between the parts. 

ful i n  seal ing the leakage, but it has oot3een tried a t  t h e  highest  

pressures 8% which it is expected the gun will operate. 

During firing the lexan is 
This has  been 8uccess- 

l'he second problem t h a t  has occurred i n  the operation of the gun has 

been some yielding of mater ia l  at the+&eeChenhaf #= lrttttteh tube. This 
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i s  believed t o  result from momentum transferred from the decelerating 

pieton t o  the high-pressure coupling which i n  turn produces a compression 

load on the end of the launch-tube components. 

seem t o  have now bean corrected by increasing the area over which the 

coxpression stresses are distributed,  

Trouble8 f r o m  thid ca-ue 

The launch tube of t h i s  gun consists of a s teel  l i n e r  of 3/4 inch 

outer diameter, clamped between two grooved blocks foming a 4-inch 

square cross laection, held together by 68 one-inch 8lameter steel  screws. 

h shows some results of shooting this gun. A t  the  
pcL7m=-- 

left side of the W the  muzzle velocity i s  p lo t ted  against  pis ton 

weight, for a m o d e l  weighing 1 gram. 

far is 27,700 f t / sec  with a pis ton veighing 770 grams, which corresponds 

t o  a cylinder of polyethylene about 5.7 diameters i n  length. 

are generally cyl indr ica l  i n  shape w i t h  a conical hole 4 inches deep i n  

the  forward end. 

the gun is  plot ted against  the pro jec t i l e  weight. 

here vere obtained while the gun was being operated as a model launcher 

for aerodynamic tests. The gun ha6 been used i n  this way since the first 

of the year, operating at what w e  consider t o  be conservative performance 

leve ls ,  80 that the  current research program w i l l  not be delayed as a 

result of damage t o  the gun. 

t i e s  will be made soon when a supply of gun replacement parts w i l l  be 

maintained. 

The maximum veloci ty  obtained so 

The pistons 

&,' ~ 1 ' 9 )  
On the r igh t  aide of the b, the muzzle veloci ty  of 

The results shown 

Attempts t o  improve the launching veloci- 

P r io r  t o  the start of the proof-testing of t h i s  gun, calculations 

were made t o  furnish a bas i s  for the select ion of variocs operating 

parameters. Such perameters include the weight of the piston, the hydro- 

gen-charging pressure, bursting pressure of the break diaphragm, and the 

veloci ty  of the pis ton as determined by t h e  powder charge, e t c .  

calculat ions are based on a solution which vqs progrmmed on t h e  LW 
7093 computer by Mr. John C u r t i s  snd a collesgils, who were then at t h e  

Naval Ordnance Test Center a t  China  Mice. 

Ames with  an application t o  t h e  proof-testin? of a P2-cal iber  ,y,n dcveloptd 

These 

This prot7ram has Seen i,sed a t  

a 
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in the  Ey-pervelocity B a l l i s t i c  Range Branch. 

the 22-cEiliBsr gun, Ltr. C W s  her empirically d e t e d n e d  8 c r i t e r i o n  t h a t  

can be used t o  predic t  <ne OCCURCRCC of 2-e tc tk5 hi@-p-eg8i.re rcgion 

of the gun. 

the  calculated pressure produced by piston,  vhlle I t  is being decelerated 

and deformed, does not exceed 600,OOO pmi. I n  the calculat ions,  the p is ton  

is a8sumed t o  have no i n t e rna l  r e s t r a i n t  t o  i t s  deformation, so t h a t  it 

can be considered t o  a c t  as a fluid in steady motion. 

s i l a i l a r l t y  t o  pressures occurring in f luids ,  these pressures are referred 
to hem as the pis ton  hydraulic preseures. The program yields t h i s  hydrau- 

l i c  prcssun 88 a function of time a8 well as the  veloc i ty  h is tory  of the 

model and the pressure in t h e  prupelling gas and the pressures on the base 

of the  d e l .  

On the bamie of the work with 

According t o  this c r i t e r ion ,  the gun w i l l  not be damaged i f  

Because of the 

F,cJc--e 3 
shows the rerul_ts of the calculat ions applied to the 

4, ' 5Scaliber gun. A t  the top of the s o n  the  l e f t ,  the launching veloc- 

i t y  i s  p lo t ted  against the veloci ty  of the p is ton  for  two hydrogen- 

charging p r e ~ s ~ s ,  31 and 42 psia.  

occurring a t  the time the burst diaphragm breaks. Ordinarily, a t  t h i e  

time the f ron t  of the piraton is a short distance from the  s t a r t  of the 

tapered section. 

lic pressure in the tapered section. 

considered here the pressurea are always well below the 600,000 psi level, 
although a t  somewhat higher piston velocities than those shown, this 

pressure would probably be exceeded. A t  the bottom of the &, the 

maximum pressure on the base of the m o d e l  during launch is  shown as a 

funct ion of the piston velocity.  

r e l a t i v e l y  low. 
are small ,  both pressures giving t he  ssme muzzle veloci ty  a t  a pis ton  

speed of 3400 f t / s ec .  

tapered section 10 inches long. 
6-inch tapered sec t ion  is indicated on the  right side of the sbide.  

the muzzle velocity i s  shown a t  the top, the maximum pis ton  hydraulic 

The pis ton  ve loc i ty  here is tha t  

( * I S  

A t  the center  of t h i 8 % S e  is shown the maximum hydrau- 
It is seen t h a t  f o r  the conditione 

- r l  W Y C ,  

It is 8een tha t  the pressures remained 

The e f f ec t s  of changing the  hydrogen-charging pressure 

For the  calculations shown here the gun had a 

The e f f e c t  of changing from t h i s  t o  a 4 ,  u ( e  
Again, 



- 4 -  

I presslure i n  the center, and the  maximum pressure on the base of t h e  model 
I a t  the  bottom of the-&: It i s  seen t h a t  there is  not a large e f f e c t  

on the muzzle veiocitg;  however, %he nytirauiic pressure tinti the p r e s a ~ i ~ e  

a t  the base of the model have both been increased considerably. 

- 

I n  'e the  effect of changing the weight of the  pis ton 

is shown. The piston weights of 700, 1O00, and 2OOO gram6 are indicated, 

corresponding respectively t o  equivalent le 

ders of 5.1kr 7.35, and 14.7 diameters. 

a large effect of these increases i n  pis ton weight on the computed 

muzzle veloci ty  and on the hydraulic pressure and the m a x i m  pressure 

on the  d e l  base. For the 2OOO-gram piston, the maximum hydraulic 

pressure exceeded the 600,000 p a l  l imi ta t ion  a t  a  peed of about 

1750 ft/sec. 

piston at a higher piston speed would be conservative with regard t o  

pressure loads. Consequently, this combination ha6 been used f o r  the 

preliminary t ea t - f i r i ng  of the  gun. 

t h s  of polyethylene cylin- Y 
The shows t h a t  there  i s  

These ealculat lons imlieated t h a t  use of a l ighter-veight 

shows the  calculated effects of changing the  weight 

The launching veloci ty  shown a t  t h e  tap indicates  of %he proJect i le .  

t h a t  the increase In the  weight from 1 to  4 grams and 8 grams has a 

large effect on the  muzzle velocity,  a s  would be expected. The e f f e c t  

on the hydraulic pressure a t  the tapered sect ion of the gun was not 

large, but  the  maximum base pressure on the model increased consider- 

ably with p r o j e c t i l e  weight. 

p i s ton  weight of a thousand grams and a hydrogen-charging pressure of 

42 psia. 

p r o j e c t i l e  weights shown. More complete studies of the gun performance 

with heavy models are i n  progress. 

Theere calculat ions w e r e  bused upon a 

These combinations of conditions are not optimum f o r  the 

.Ft* G 
In A a comparison is reade of the results of these 

calculat ions with measured performance of the gun. 

upper part of the &&e, the muzzle veloci ty  is plot ted as a function of 

the p is ton  velocity.  

lo00 grams were assumed. 

Here again i n  t h e  4,' d d ,  

For the calculations,  pis ton weights of 700 and 

The gun was f i r e d  with pistons weighing 
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770 grams and 840 grams. Ths horizontal  lines, each of which represents  

one shot f ired  from the gun, are used because the  p is ton  speeds were not 

accurateiy deknained. 

pistons using a type of Instruntentation employed successful ly  on a 

amaller-caliber gun. 

gages a t  two longi tudinal  locat ions on the outside of the p u p  tube t o  

measure stress due t o  Internal pressure. 

oscil loscope record showed c l ea r ly  the times when the p is ton  passed the  

two strain-gage locations.  However, in the  c w e  of the 50-caliber gun, 

the  in t e rna l  pressures were too small, and the  e f f ec t s  of vibrat ions 

produced by the powder burning and by the pis ton  motion were 60 large 

t h a t  the s igna l  could not be interpreted t o  furnish the veloci ty  infor- 

mation. Obviously, the p is ton  ve loc i t ies  c m  be measured by removixq 

the  launch tube and f i r i n g  the pistons past  instrumented measuring 

s t a t ions .  This has not been done f o r  t h i s  gun, however, except with 

much heavier pistons than the  ones indicated here. 

iia effort waa d e  to measure t'ne speed of the 

!f!hls instrumentation consisted of applying s t r a i n  

With the smaller gun, an 

Summarizing, our experience with the operation of the 50-caliber 

gun, we have seen from the  calculat ions t h a t  the meximum pressures a t  

the base of the model are predicted t o  be r e l a t i v e l y  low for model- 

launching ve loc i t i e s  up t o  and ebove 25,000 f t / s ec .  It i s  believed 

that the gun does function i n  pract ice  BO as t o  realize these low o r  

moderate pressures on the  model, while providing the observed high 

ve loc i t i e s .  

models. In a recent s e r i e s  of firings, with D model and sabot combina- 

t i o n  weighin@; 1.9 grams, the  gun has been consis tent ly  launching alumi- 

num models e t  ve loc i t i e s  i n  excess of 23,000 f t / s ec .  

This i s  evidenced by our expcrlence in launching saboted 
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